4-(2-Pyridinylamino
4-Aminopyridine and pyrido [1,2-a] pyrimidine derivatives have received much attention due to their important and different biological functions. The N-aryl-4-pyridinamines have been proposed as an adrenergic cognitive enhancer, 1, 2) cardiovascular antihypertensive 3) and diuretic agents. 4) The pyrido [1,2-a] pyrimidines have been shown to possess psychotropic, [5] [6] [7] antiatherosclerotic, antipyretic and analgesic properties. 8) The introduction of a lipophilic CF 3 group into a biomolecule has sometimes resulted in improvement of its biological activity. 9) Besides, to the best of our knowledge, few examples of the synthesis of 2-trifluoromethyl substituted 4-aminopyridine [10] [11] [12] and pyrido[1,2-a]pyrimidine derivatives not bearing an oxo or imino group [13] [14] [15] have been reported. These facts prompted us to elaborate an inexpensive and efficient synthetic route to these compounds.
Among the building blocks for introducing the CF 3 group into organic compounds the CF 3 containing enol ethers are widely used. 16, 17) We have recently reported the preparation of trifluorinated hexadienones from 4-methoxy-1,1,1-trifluoro-3-penten-2-one (2) and we have outlined their utility in the synthesis of trifluoromethylated benzoxazepines and arylaminopyridines. 18, 19) In this paper we have focused our attention on 4-(pyridinylamino)-1,1,1-trifluoro-3,5-hexadienones 4 and their transformation into fluorinated 4-(2-pyridinylamino)pyridines 5 and pyrido[1,2-a]pyrimidines 6.
Results and Discussion
The O-N exchange reaction between 4-methoxy-1,1,1-trifluoro-3-penten-2-one (2) with commercially available 2-aminopyridines easily gave 4-(2-pyridinylamino)-1,1,1-trifluoro-3-penten-2-ones 3. As shown in Chart 1 the preparation of enaminones 3a-g was achieved in 88-96% yields by refluxing equimolecular amounts of 2-aminopyridines 1a-g and enol ether 2 in acetonitrile.
Under the same conditions 5-nitro-2-pyridinamine (1h) did not give the desired product but the starting materials were recovered even if the reaction time was increased. Enaminone 3h was instead obtained in 93% yield by heating a mixture of 5-nitro-2-pyridinamine (1h) and enol ether 2 in 1 : 1.5 molar ratio. The Z configuration of enaminones 3 was established by comparison of their 1 H-NMR spectra with those of analogous compounds. 19) Dimethylaminoformylation of enaminones 3 utilizing N,Ndimethylformamide dimethyl acetal (DMF-DMA) afforded 6-(dimethylamino)-4-(2-pyridinylamino)-3,5-hexadien-2-ones 4.
The reaction is regioselective and the (3Z,5E)-dieneaminone 4 was exclusively obtained. The stereochemistry was confirmed by 1 H-NMR spectral data. The large coupling constant (about 13 Hz) of the H-5 and H-6 olefinic protons suggest the E configuration of the newly formed double bond in dieneamines 4. The signal for H-3 appeared as a single peak showing the presence of only one stereoisomer. The highly deshielded NH resonance at d 13.23-13.68 is characteristic of an amino group which participates in a strong hydrogen bond with an oxygen of a carbonyl in a six-membered, planar chelate, a fact which is supported by the presence of a carbonyl stretch at 1645-1625 cm Ϫ1 in the IR spectra. Thus a Z configuration can be attributed to the C(3)ϭC(4) double bond.
Our initial effort to cyclize dieneamines 4 with NH 3 by heating in MeCN solution did not give the desired 4-(2-pyridinylamino)-2-trifluoromethylpyridines 5. When the cyclization was performed by mild heating of a DMF solution of dieneamines 4 and ammonium acetate, pyridines 5 were obtained in good yields. The 1 H-NMR spectra of compounds 5 display a pair of doublets at d 7.75-7.95 (H-5, Jϭ5 Hz) and 8.36-8.54 (H-6, Jϭ5 Hz) and a singlet at d 8.08-8.25 due to H-3 which are consistent with the assigned structure.
Polyfunctionalized dieneamines 4 are precursors for the synthesis of pyrido[1,2-a]pyrimidines 6 also. When hexadienones 4a-f were heated under reflux in toluene intramolecular condensation readily proceeded to give pyrido[1,2-a]pyrimidines 6a-f as a sole isomer.
Dieneamines 4g and 4h, bearing electron-withdrawing groups on the pyridine ring, cannot be transformed into their corresponding products 6 under these conditions. Treatment of 4g and 4h with acetic acid at reflux for few minutes afforded the pyridopyrimidines 6g and 6h in good yields. In the 1 H-NMR of 6 a singlet at 5.53-5.75 ppm relative to the exocyclic methyne proton accounts for the formation of a single diastereomeric product. Furthermore the two doublets at 8.29-8.46 ppm and 8.38-8.57 ppm (Jϭ6.3 Hz) due to H-3 and H-4 confirmed the assigned structure.
Conclusion
In summary we devised an easy method of accessing CF 3 -containing pyridine and pyrido [1,2-a] pyrimidines which are otherwise difficult to obtain. The principal advantages of this method are its simplicity and the great variety of substituents available.
Experimental
Melting points were taken on a Stuart Scientific SMP1 apparatus and are uncorrected. IR spectra were measured in Nujol mulls with a Perkin Elmer 398 spectrophotometer, while NMR spectra were recorded with a Varian Unity 300 instrument operating at 300 MHz: chemical shifts are expressed in ppm (d) and coupling constants in Hertz (Hz). Elemental analyses were obtained with a Carlo Erba model 1106 Elemental Analyzer. All solvents were purified and dried by standard techniques; petroleum ether refers to the fraction of bp 40-60°C.
General Procedure for the Preparation of Enaminones 3 A solution of 2-aminopyridine 1a-g (0.02 mol) and enol ether 2 (0.02 mol) in dry acetonitrile (20 ml) was refluxed with stirring for 1 h, then allowed to cool for 24 h. The solvent was removed in vacuo and the residue was purified from crystallization to give enaminones 3a-g. General Procedure for the Preparation of Hexadienones 4 A solution of enaminone 3 (0.02 mol) and DMF-DMA (0.06 mol) in dry benzene (40 ml) was refluxed with stirring for 30 min, then allowed to cool for 24 h. The solvent was removed in vacuo and the residue purified from crystallization to give hexadienones 4a,d-h.
In the case of hexadienones 4b,c, after removing the solvent, the residue was collected and washed with a small amount of isopropyl ether, dried and utilized without further purification.
(3Z,5E)-6-(Dimethylamino)-4-(2-pyridinylamino)- General Procedure for the Preparation of 2-Trifluoromethyl-4-pyridinamines 5 A solution of hexadienones 4 (0.005 mol) and ammonium acetate (0.01 mol) in dry DMF (5 ml) was gently refluxed for 1 h. After cooling, water (40 ml) was added and the resulting precipitate was filtered off, dried and crystallized to give compounds 5. 2H, m, H-3Ј, H-5Ј), 7.66 (1H, m, H-4Ј), 7.80 (1H, d, Jϭ5.4 Hz, H-5), 8.18  (1H, s, H-3), 8.26 (1H, m, H-6Ј), 8.38 (1H, d, Jϭ5.4 Hz, H-6 1H, m, H-5Ј), 7.56 (1H, m, H-4Ј), 7.95 (1H, m, H-5), 8.13 (1H,  s, H-3 
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